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ABSTRACT 
 
The aneurysm is the abnormal bulging of a portion of an artery due weakness in the 
cerebral. This occurs when the mechanical behaviour exceeds the strength of the tissue. 
Investigation on the changes of flow phenomena and the mechanical behaviour in 
cerebral aneurysm had been studied. This thesis was focus on the computational model 
for cerebral aneurysm growth. The main objectives of this project are to investigate the 
important role of wall shear stress in initiation, growth and rupture of aneurysm and also 
the wall deformation due to the blood flow. The simulation had been done by using 
different geometry of aneurysms and analyzed in the MSC Patran and MSC Dytran 
software. In this analysis, the size of geometry diameter and thickness were varied in 
order to analyze the Fluid Structure Interaction between the arterial structure and the 
blood flow. The geometry thickness that had been used in this analysis was 0.35 mm, 
0.45 mm and 0.55 mm.  After the analysis, the maximum displacement of the cerebral 
aneurysm wall was increased and wall shear stress was decreased by the increasing of 
diameter of the cerebral. The maximum displacements for different thickness are 
0.005111 mm, 0.005094 mm and 0.005078 mm. The maximum wall shear stresses for 
different thickness are 0.9167 Pa, 1.1078 Pa and 1.1683 Pa. As the size of an aneurysm 
increases, there is a potential of rupture of aneurysm and this can result in severe 
hemorrhage or even worst, fatal event. To avoid an aneurysm rupture, research must be 
carry out to find the alternative to solve this problem which is more valuable to people 
that have been suffered because of aneurysms. 
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ABSTRAK 
 
Aneurisme merupakan kejadian salur darah dibahagian kepala yang mengalami keadaan 
bengkak. Perkara ini berlaku apabila keadaan mekanikal telah melebihi keadaan asal 
pada salur darah tersebut. Kajian ini telah menfokuskan kepada keadaan mekanikal pada 
salur darah. Tesis ini berkenaan dengan analisis secara simulasi ke atas pembentukan 
aneurisme di tengah otak. Objektif utama projek ini dilaksanakan adalah untuk 
mengkaji kepentingan tekanan pada dinding aneurisme semasa permulaan, 
pengembangan dan perpecahan aneurisme serta hubungan antara anjakan dinding 
aneurisme dengan darah yang mengalir. Simulasi dilakukan ke atas geometri arteri yang 
berbeza-beza menggunakan perisian MSC Patran dan perisian MSC Dytran. Dalam 
analisis ini, saiz diameter dan ketebalan arteri yang digunakan adalah berbeza-beza bagi 
menganalisis hubungan antara struktur salur darah dan darah yang mengalir. Ketebalan 
geometri yang digunakan dalam analisis ini adalah 0.35 mm, 0.45 mm dan 0.55 mm. 
Selepas analisis dijalankan, didapati anjakan yang paling tinggi akan bertambah dan 
tekanan pada dinding aneurisme akan berkurang terhadap peningkatan saiz diameter 
aneurisme. Anjakan yang paling tinggi bagi ketebalan yang berbeza-beza adalah 
0.005111 mm, 0.005094 mm dan 0.005078 mm. Tekanan yang paling tinggi pada 
dinding aneurisme bagi ketebalan yang berbeza-beza adalah 0.9167 Pa, 1.1078 Pa dan 
1.1683 Pa. Apabila saiz aneurisme meningkat, terdapat potensi untuk aneurisme pecah 
dan boleh menyebabkan pendarahan atau lebih teruk, iaitu kematian. Bagi mengelakkan 
perpecahan aneurisme, kajian hendaklah dijalankan untuk mencari alternatif bagi 
menyelesaikan masalah ini yang begitu penting kepada orang menderita akibat 
aneurisme. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT BACKGROUND 
 
Aneurysms can be described by their shape. Traditionally, they are described as 
either ‘fusiform’ like a narrow cylinder or ‘saccular’ like a small sac, though 
alternatives have been proposed. An aneurysm occurs when there is an abnormal 
widening, bulging or ballooning in the wall of an artery. This happens because the 
blood vessel has weakened, or become thin, in that area and the bulge is filling with 
blood. The most common place an aneurysm develops is in the aorta, which is the 
body's main artery. It carries blood to other parts of the body from the heart. Rupture of 
cerebral aneurysm is the leading cause of subarachnoid hemorrhage (Van Gijn and 
Rinkel, 2001), one of the fatal diseases occurring in the human cerebral circulation.  
 
There are four types of aneurysms that can develop. Two of those are in the 
aorta which is a thoracic aneurysm occurs in the thorax, or chest, while an abdominal 
aneurysm occurs in the section of the aorta that runs through the abdomen. Three out of 
four aortic aneurysms are abdominal. A cerebral aneurysm occurs in an artery of the 
brain. Cerebral aneurysm is linked to hemodynamics in the cerebral arterial network 
(Steiger, 1990). The fourth type of aneurysm is a peripheral aneurysm. This type can 
occur in any artery other then the aorta or brain. Common arteries where a peripheral 
aneurysm forms are the carotid artery in the neck, the popliteal artery in the thigh 
behind the knee, and the femoral artery in the groin.  
 
In a true aneurysm the inner layers of a vessel have bulged outside the outer 
layer that normally confines them. The aneurysm is surrounded by these inner layers. A 
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false or pseudoaneurysm does not primarily involve such distortion of the vessel. It is a 
collection of blood leaking completely out of an artery or vein, but confined next to the 
vessel by the surrounding tissue. This blood-filled cavity will eventually either 
thrombose (clot) enough to seal the leak or it will rupture out of the tougher tissue 
enclosing it and flow freely between layers of other tissues or into looser tissues. 
Pseudoaneurysms can be caused by trauma that punctures the artery and are a known 
complication of percutaneous arterial procedures such as arteriography or of arterial 
grafting or of use of an artery for injection, such as by drug abusers unable to find a 
usable vein. Like true aneurysms they may be felt as an abnormal pulsatile mass on 
palpation.  
 
Rupture and blood clotting are the risks involved with aneurysms. Rupture leads 
to drop in blood pressure, rapid heart rate, high cholesterol, and lightheadedness. The 
risk of death is high except for rupture in the extremities. Blood clots from popliteal 
arterial aneurysms can travel downstream and suffocate tissue. Only if the resulting pain 
and/or numbness are ignored over a significant period of time will such extreme results 
as amputation be needed. Blood clots should be treated with care as overpressure when 
trying to get rid of them can cause them to shift. Clotting in popliteal venous aneurysms 
is much more serious as the clot can embolise and travel to the heart or through the 
heart to the lungs. Risk factors for an aneurysm are diabetes, obesity, hypertension, 
tobacco use, alcoholism, and copper deficiency (Amstrong, 1997). 
 
The occurrence and expansion of an aneurysm in a given segment of the arterial 
tree involves local hemodynamic factors and factors intrinsic to the arterial segment 
itself. The human aorta is a relatively low-resistance circuit for circulating blood. The 
lower extremities have higher arterial resistance, and the repeated trauma of a reflected 
arterial wave on the distal aorta may injure a weakened aortic wall and contribute to 
aneurysmal degeneration. Systemic hypertension compounds the injury, accelerates the 
expansion of known aneurysms, and may contribute to their formation. Detailed 
hemodynamics in aneurysms has been investigated experimentally (Tateshima et al., 
2001) and computationally (Burleson et al. 1995; Foutrakis et al. 1999; Shojima et al. 
2004; Cebral et al. 2005 and Torii et al. 2006) to understand better the mechanisms 
contributing to the aneurysm progression. 
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1.2 PROBLEM STATEMENT 
 
An aneurysm occurs when a blood vessel or artery weakens and balloons out or 
widens. If someone has an aneurysm, the prevention of rupture is imperative. This is 
because many cases about the aneurysms are unable to detect the exact time for growth 
and rupture, which can lead to death. It is important to study about the aneurysms 
because can minimize the risk of aneurysm rupture. 
 
To avoid an aneurysm rupture, research must be carry out to find the alternative 
to solve this problem which is more valuable to people that have been suffered because 
of aneurysms. 
 
1.3   SIGNIFICANT OF STUDY  
 
There are few significances of this study when objectives have been achieved as 
follow: 
 
(i) An aneurysm can be treated successfully if it can be found in time. 
(ii) Can identify all the types of aneurysms that can causes fatal if it grows and 
bursts. 
(iii) Provide information for the diagnosis and treatment of an unruptured aneurysm 
by elucidating the risk of rupture. 
 
1.4 PROJECT OBJECTIVES 
 
The objectives of this project include: 
 
(i) To investigate the important role of wall shear stress in initiation, growth and 
rupture of aneurysm. 
(ii) To investigate computationally on the wall deformation due to the blood flow. 
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1.5 PROJECT SCOPES 
 
The scopes of this project are limited to: 
 
(i) Steady-state analysis for blood flow in the artery. 
(ii) Study on Finite Element Analysis (FEA) for the different size of artery structure. 
(iii) Interaction between fluid and structure done by using fluid-structure interaction 
(FSI) simulation. 
(iv) Effect of dome or geometry of the cerebral aneurysm to blood parameter. 
 
 
 
  
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
A cerebral or brain aneurysm is a cerebrovascular disorder in which weakness in 
the wall of a cerebral artery or vein causes a localized dilation or ballooning of the blood 
vessel. Cerebral aneurysms arise at the bifurcation of blood vessels. They are primarily 
saccular in shape, but may have additional lobules or „nipples‟ (Cebral et al., 2005).  
 
While cerebral aneurysm pathology and atherosclerosis are two of the most 
common lesions of the cardiovascular system, there is no clear understanding on their 
pathogenesis mechanisms. The occurrence of atherosclerotic plaques (Texon, 1990) and 
cerebral aneurysms (Resnick et al., 2003) in well-recognized arterial regions, along with 
their focal distribution in regions of curvature, bifurcation and branching of the vessels, 
suggests that fluid dynamics play a pivotal role in the localization of those lesions. Low 
wall stress and high oscillatory patterns of wall shear stress cause intimal wall thickening 
(Caro et al., 1969), while increased blood flow and a unidirectional flow environment are 
associated with vasodilation (Ziegler et al. 1997 and Ziegler et al. 1998). 
 
Cerebral aneurysms involve both the anterior and posterior circulation. Rupture of 
a cerebral aneurysm causes subarachnoid hemorrhage with potentially severe neurologic 
complications (Schievink, 1997). Cerebral aneurysms are classified as saccular and non-
saccular types, according to their shape and etiology. Typically, saccular aneurysms arise 
at a bifurcation or along a curve of the parent vessel.  
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Cerebral aneurysms are rarely formed in patients under 20 years of age and 
numbers peak between 60 and 80 years (Lindsay, 2007). Female gender increases the 
likelihood of an incidental aneurysm as does the presence of atherosclerosis. A family 
history of two or more affected first-degree relatives or a history of polycystic kidney 
disease increases the relative risk. Those patients who have undergone repair of a 
ruptured aneurysm have an increased tendency to form other aneurysms. 
 
In this chapter, a little bit of historical background and a brief explanation on the 
symptoms and effects of aneurysms will be discussed. Then some discussion on cerebral 
aneurysms for different size of geometry, blood flow rate and the conditions of pressure 
and velocity will be explained. Besides, some discussion on the materials used as a model 
for cerebral aneurysms and together with the previous study in experimental and 
numerical about cerebral aneurysms will be discussed. Then it is followed by some of the 
result from previous study by researchers have been included as a references to this 
study. Finally, this chapter is ends by a conclusion from overall of this study. 
 
2.2 HISTORY OF ANEURYSMS 
 
In the fourteenth century B.C. the Egyptians, according to Sigerist (1951), treated 
aneurysms by magico-religious therapies, but the nature and site of occurrence of these 
lesions are not mentioned nor the term applied to them. Ruffer (1911) claimed that 
arterial degenerative diseases were prevalent amongst the Egyptians, so aneurysms of the 
aorta almost certainly occurred, though no reference to them has been found. Major 
(1954), quoting Ebbell, lists aneurysm and arteriovenous aneurysm amongst the diseases 
described in the Ebers Papyrus. The religious fears of the Egyptian embalmers seems to 
have been greater than their curiosity in the vast quantity of pathological material they 
handled, as Long (1933) suggests, for the diseases mentioned were primarily those 
discernible on external examination of the body. 
  
From this time till the second century A.D. there appears to be no existing 
medical literature on aneurysms. It is probable that knowledge of these lesions was 
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mainly handed on by word of mouth. Galen (1628) is thus to be considered the first to 
define and describe the disease, recognizing the false variety and those arising 
spontaneously by dilatation. Adams (1846) states that Galen (1628) knew of and treated 
traumatic aneurysms following venesection in the cubital fossa. Considering the frequent 
use of venesection, and the fact that he is said by Castiglioni (1941) to have been 
physician to the gladiators, Galen (1628) probably saw traumatic aneurysms rather 
frequently. These lesions were easier to observe than the more deep-seated non-traumatic 
aneurysms which in modern medicine are more common. 
 
Antyllos in the third century B.C, who according to Major (1954) appeared like a 
“comet on the surgical horizon”, made his greatest achievement by treating aneurysms in 
the second century A.D. Antyllos also recognized both the false and true varieties. Aetius 
in the sixth century, in a selected passage translated by Erichsen in 1884, described the 
clinical signs of aneurysms mentioning that they can occur in any part of the body, even 
in the head. 
 
2.3 SYMPTOMS AND EFFECTS OF ANEURYSMS 
 
A small brain aneurysm typically produces no symptoms, but a larger aneurysm 
can cause mydriasis (dilated pupil), double vision or blurry vision, ptosis (drooping 
eyelid), eye pain and facial paralysis (Amstrong, 1997). An aneurysm can also affect one 
of the largest and most important vessels of the heart called the aorta. The aorta extends 
from the heart to the chest region and down the stomach. Typically, aortic aneurysms are 
asymptomatic and inadvertently found through imaging. Both brain and aortic aneurysms 
have specific side effects. 
 
2.3.1 Aortic Dissection 
 
An aortic aneurysm can suddenly burst without warning. This is medically known 
as an aortic dissection. Symptoms of an aortic dissection include severe pain that radiates 
from the chest to the back. Prior to the pain, there may be a popping sound that is 
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indicative of tearing of the aorta. It can also cause stomach pain, a stroke and coldness or 
numbness of the legs or arms. This is a life-threatening side effect that requires 
immediate surgical repair. 
 
2.3.2 Blood Clots 
 
Aortic aneurysms increase the risk of blood clot formation. Usually, they can 
buildup near the weakened blood vessel, break off and move to the extremities and 
organs. This can lead to organ damage and peripheral ischemia, a condition in which the 
arms or legs do not receive enough blood flow. 
 
2.3.3 Rupture, Bleeding and Vasospasm 
 
Like an aortic aneurysm, a brain aneurysm can also rupture. The blood will leak 
into the brain and cause the following symptoms such as severe headache, nausea, 
vomiting, light sensitivity and blurry vision. It can also cause convulsions, 
unconsciousness and confusion. Patients are susceptible to re-bleeding episodes even 
after surgery. The leakage of blood can further damage the brain and cause the 
aforementioned symptoms. Also, the ruptured blood vessels in the brain can spasm 
(rapidly constrict and relax in succession). This can prevent adequate amounts of blood 
from reaching the brain, and can subsequently lead to a stroke. Symptoms of stroke 
include paralysis on one side of the body, slurred speech and difficulty seeing. 
 
2.3.4 Hyponatremia 
 
A brain aneurysm can cause hyponatremia (low blood sodium levels). This can 
lead to brain edema (swelling) and further brain destruction. Symptoms of hyponatremia 
include headache, convulsions, poor appetite, and loss of consciousness, coma and 
confusion. Typically, doctors will give patients intravenous (through the vein) fluids to 
increase patients' sodium levels. 
 
